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ARP

:   Academic and Research Program

CCCP

:   Comprehensive Community Cancer Program

CCP

:   Community Cancer Program

INCP

:   Integrated Network Cancer Program

NCDB

:   National Cancer Database

NHB

:   non‐hispanic black

NHW

:   non‐hispanic white

OSSHO

:   other specified Spanish or Hispanic origin

PDAC

:   pancreatic ductal adenocarcinoma

SCA

:   South or Central American, except Brazil

SHLNOS

:   Spanish, Hispanic, and Latino not otherwise specified

SSO

:   Spanish surname only

1. INTRODUCTION {#cam43042-sec-0005}
===============

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies. The 5‐year survival rate remains at a dismal 9%, and incidence and mortality rates are nearly equal.[^1^](#cam43042-bib-0001){ref-type="ref"}, [^2^](#cam43042-bib-0002){ref-type="ref"} Further complicating the disease and clinical care are a variety of racial and ethnic disparities that affect both incidence and mortality rates. Non‐Hispanic Blacks (NHB) have the highest incidence (15.9 per 100 000) and death rates (13.7 per 100 000), followed by non‐Hispanic Whites (NHW) (incidence rate of 12.6 per 100 000 and death rate of 11.1 per 100 000) and Hispanics (incidence rate 10.6 per 100 000 and death rate of 8.5 per 100 000).[^3^](#cam43042-bib-0003){ref-type="ref"}, [^4^](#cam43042-bib-0004){ref-type="ref"} The cause for disparities among different ethnic or racial groups is not fully understood, but is likely multifactorial.

Disparities are seen in treatment and resection rates, as well as survival for patients with PDAC.[^5^](#cam43042-bib-0005){ref-type="ref"}, [^6^](#cam43042-bib-0006){ref-type="ref"}, [^7^](#cam43042-bib-0007){ref-type="ref"} Non‐White race is an independent negative predictor of receiving expected treatment for clinical stage.[^8^](#cam43042-bib-0008){ref-type="ref"} Although resection is offered at similar rates across racial or ethnic groups, NHB are more likely to refuse surgery.[^7^](#cam43042-bib-0007){ref-type="ref"}, [^9^](#cam43042-bib-0009){ref-type="ref"} Patients are also more likely to refuse surgery if they receive care at a non‐Academic Research Program (ARP).[^10^](#cam43042-bib-0010){ref-type="ref"} High‐volume academic centers have higher expected treatment adherence for clinical stage, but disparities remain among racial or ethnic groups.[^8^](#cam43042-bib-0008){ref-type="ref"} Overall survival is also improved at ARP despite treating patients with more advanced or aggressive disease.[^11^](#cam43042-bib-0011){ref-type="ref"} Survival is clearly improved when patients receive appropriate treatment based on disease stage, including surgical resection for locoregional disease, but expected treatment adherence does not account for all racial or ethnic disparities observed.

Little data are published on disparities in overall survival in Hispanic patients with PDAC.[^7^](#cam43042-bib-0007){ref-type="ref"} While outcomes among Hispanics with PDAC may generally be improved compared to non‐Hispanics, a more in‐depth understanding of this phenomenon is warranted as Hispanics represent a diverse ethnic group with a variety of ancestral heritages, including ancestry from indigenous American, African, Asian, and European peoples. The clinical outcomes from patients with PDAC from these varied ancestries have not been defined. Identification of population subgroups with particularly indolent or aggressive pancreatic cancer may lead to further understanding of tumor biology and pathogenesis, and ultimately an improved ability to provide precision medicine. While better clinical outcomes are suggested at ARP for minority populations,[^11^](#cam43042-bib-0011){ref-type="ref"} again, the differentiation among Hispanics has not been adequately assessed. We sought to determine if outcomes among diverse racial or ethnic patients with PDAC are influenced by where patients receive their oncologic care, with a focus on Hispanic subgroups.

2. METHODS {#cam43042-sec-0006}
==========

2.1. Study population {#cam43042-sec-0007}
---------------------

A retrospective review of the National Cancer Database (NCDB) was performed to identify patients diagnosed with PDAC from 2004 to 2015. The NCDB is a hospital‐based registry and joint project of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society that captures 70% of all diagnosed malignancies in the US annually.[^12^](#cam43042-bib-0012){ref-type="ref"} Access to the de‐identified NCDB Participant User Data File was requested via the CoC. Institutional Review Board approval was not required. We identified 197 350 patients with histologically proven PDAC. Additional data included treatment facility type and patient characteristics including socioeconomic factors, geography, clinical features, surgical resection, and survival. After removing cases with unknown survival status or multiple missing covariates, 170 327 patients were included in the final analysis.

2.2. Study variables {#cam43042-sec-0008}
--------------------

Patient characteristics included age, sex, race and ethnicity, median household income, level of education, insurance, facility location, distance from treatment facility, and population density in their area of residence. Age was analyzed as a continuous variable. Sex was defined as male or female. Race/ethnicity was categorized as non‐Hispanic White, non‐Hispanic Black, and Hispanic, which was further characterized by country or region of origin, including Dominican, South and Central American, Mexican, Puerto Rican, Cuban, other specified Hispanic/Spanish origin, Not Otherwise Specified, or Spanish surname only. Median household income was based on median income in the patient\'s residential zip code and level of education was based on percentage of adults who did not graduate from high school in the patient\'s zip code, according to the 2000 US Census. Insurance coverage was classified as uninsured, private, Medicaid, and Medicare. Facility location was based on geographic region within the US. Distance from treatment facility was analyzed as a continuous variable. Population density was categorized as metropolitan, metropolitan adjacent, non‐metropolitan adjacent, and rural. Tumor grade was not included as over 60% of cases had missing data.

Facility type was categorized as Community Cancer Program (CCP), Comprehensive Community Cancer Program (CCCP), Academic Research Program (ARP), and Integrated Network Cancer Program (INCP). CCP treat 100 to 500 newly diagnosed cancer patients annually, and may refer patients to another facility. Comprehensive Community Cancer Programs treat more than 500 newly diagnosed patients annually. Academic Research Program treat more than 500 newly diagnosed patients annually and offer postgraduate medical education. Academic Research Program include National Cancer Institute designated comprehensive cancer centers. Integrated Network Cancer Program include at least one CoC‐accredited cancer program under an umbrella program that must meet performance expectations for quality measures, participate in clinical research, with no required quota for newly diagnosed patients, and optional resident training. Many INCP are large hospital networks and hybrids of ARP with CCP.

Surgical resection was a dichotomous variable with "yes" including local tumor excision or pancreatectomy. Staging was defined between I and IV, based on the American Joint Committee on Cancer staging. Charlson‐Deyo comorbidity score was utilized as a measure of overall health status.[^13^](#cam43042-bib-0013){ref-type="ref"}, [^14^](#cam43042-bib-0014){ref-type="ref"}

The outcome of interest was overall survival, defined by the number of months between the date of diagnosis and when the patient was last contacted or died.

2.3. Statistical analysis {#cam43042-sec-0009}
-------------------------

Statistical analyses were conducted using *R‐3.4.3*.[^15^](#cam43042-bib-0015){ref-type="ref"} A *P* \< 0.05 was considered significant. Descriptive statistics were calculated based on information from 170 327 PDAC patients. Relationships between survival time, defined by last contact or death in months from date of diagnosis, and the two covariates of interest (race/ethnicity and facility type) were investigated. Overall survival was evaluated using both Kaplan‐Meier estimator and univariate Cox proportional‐hazards models. The multivariate Cox proportional‐hazards model was fit to analyze the patients\' survival time, and backward model selection was used to determine covariates for inclusion. The final Cox model was used to compare survival between race/ethnic groups across facility types while adjusting for patient sex, age, income, level of education, insurance, geographic variables, Charlson‐Deyo score, cancer stage, and surgical resection. Results are reported in hazard ratios (HRs) with 95% confidence intervals. We obtained median survival for each race/ethnic group, stratified by facility type. Pairwise comparisons were performed to determine the facility type and the race/ethnic group in which patients had the best survival. Unless otherwise stated, all statistical tests were two‐sided.

3. RESULTS {#cam43042-sec-0010}
==========

3.1. Patient population {#cam43042-sec-0011}
-----------------------

A total of 170 327 patients were included in the final analysis (Table [1](#cam43042-tbl-0001){ref-type="table"}). ARP (14%) and INCP (16%) treated more NHB patients than CCP and CCCP (10% each), while all facilities treated similar percentage of Hispanics (4%‐6%). Most patients sought care at ARP (43.9%) and CCCP (37.6%), followed by INCP (11.4%) and CCP (7.0%). The age, sex distribution, and Charlson‐Deyo score were similar across the various facility types. ARP and INCP treated a higher percentage of NHB (14% and 16% of their overall patient population, respectively) compared to community programs (10% each). ARP, INCP, and CCCP treated more patients from metropolitan areas (83%, 87%, and 81%, respectively) compared to CCP (69%). CCP treated the lowest percentage of patients living in zip codes with the highest income bracket (24%), while ARP treated the highest percentage of patients in the highest income bracket (35%). CCP treated a higher percentage of patients from zip codes with lower educational attainment, while CCCP and ARP treated a higher percentage of patients from zip codes with more educational attainment. ARP provided care for a higher percentage of patients with private insurance (36%) and a lower percentage of patients with Medicare (55%). Patients treated at ARP traveled approximately twice as far to their treatment facilities (55.7 ± 162.3 miles), compared to other facility types. Community programs were more utilized in the Pacific region, whereas ARP was more utilized in the Middle Atlantic and INCP in the South Atlantic. ARP treated the highest percentage of patients diagnosed with stage II or III (potentially curable) disease (36%) and the lowest percentage of patients with stage IV (palliative) disease (41%), while CCP treated 19% with stage II disease and 64% with stage IV disease.

###### 

Patient characteristics by facility type

  Variable                                             All facilities (n = 170 327)   CCP (n = 11 988, 7.0%)   CCCP (n = 64 120, 37.6%)   ARP (n = 74 841, 43.9%)   INCP (n = 19 378, 11.4%)
  ---------------------------------------------------- ------------------------------ ------------------------ -------------------------- ------------------------- --------------------------
  Race                                                                                                                                                              
  Non‐Hispanic White                                   140 871 (83%)                  10 211 (85%)             54 748 (85%)               60 806 (81%)              15 106 (78%)
  Non‐Hispanic Black                                   21 115 (12%)                   1258 (10%)               6395 (10%)                 10 395 (14%)              3067 (16%)
  Hispanic                                             8341 (5%)                      519 (4%)                 2977 (5%)                  3640 (5%)                 1205 (6%)
  Dominican                                            168 (2%)                       11 (2%)                  23 (1%)                    119 (3%)                  15 (1%)
  SCA                                                  667 (8%)                       40 (8%)                  178 (6%)                   320 (9%)                  129 (11%)
  Cuban                                                502 (6%)                       7 (1%)                   120 (4%)                   98 (3%)                   277 (23%)
  Puerto Rican                                         380 (5%)                       32 (6%)                  84 (3%)                    217 (6%)                  47 (4%)
  Mexican                                              1363 (16%)                     125 (24%)                533 (18%)                  643 (18%)                 62 (5%)
  SHLNOS                                               4801 (58%)                     270 (52%)                1875 (63%)                 2027 (56%)                629 (52%)
  OSSHO                                                205 (2%)                       14 (3%)                  49 (2%)                    117 (3%)                  25 (2%)
  SSO                                                  255 (3%)                       20 (4%)                  115 (4%)                   99 (3%)                   21 (2%)
  Age                                                  68.3 ± 11.0                    68.5 ± 11.3              69.2 ± 11.0                67.5 ± 11.0               68.3 ± 11.0
  Sex                                                                                                                                                               
  Male                                                 86 863 (51%)                   6062 (51%)               32 541 (51%)               38 468 (51%)              9792 (51%)
  Female                                               83 464 (49%)                   5926 (49%)               31 579 (49%)               36 373 (49%)              9586 (49%)
  Income[^a^](#cam43042-note-0002){ref-type="fn"}                                                                                                                   
  \<38 000                                             30 481 (18%)                   2211 (18%)               11 174 (17%)               13 441 (18%)              3655 (19%)
  38 000‐47 999                                        40 266 (24%)                   3674 (31%)               15 703 (24%)               16 188 (22%)              4701 (24%)
  48 000‐62 999                                        45 359 (27%)                   3193 (27%)               17 823 (28%)               18 725 (25%)              5618 (29%)
  \>63 000                                             54 221 (32%)                   2910 (24%)               19 420 (30%)               26 487 (35%)              5404 (28%)
  Education[^b^](#cam43042-note-0003){ref-type="fn"}                                                                                                                
  \>21.0%                                              28 421 (17%)                   2262 (19%)               10 400 (16%)               12 634 (17%)              3125 (16%)
  13.0%‐20.9%                                          44 007 (26%)                   3506 (29%)               16 469 (26%)               18 768 (25%)              5264 (27%)
  7.0%‐12.9%                                           56 176 (33%)                   4169 (35%)               21 542 (34%)               23 796 (32%)              6669 (34%)
  \<7%                                                 41 723 (24%)                   2051 (17%)               15 709 (24%)               19 643 (26%)              4320 (22%)
  Insurance                                                                                                                                                         
  Uninsured                                            5208 (3%)                      376 (3%)                 1814 (3%)                  2460 (3%)                 558 (3%)
  Private                                              56 514 (33%)                   3521 (29%)               20 125 (31%)               26 690 (36%)              6178 (32%)
  Medicaid                                             8772 (5%)                      708 (6%)                 2679 (4%)                  4269 (6%)                 1116 (6%)
  Medicare                                             99 833 (59%)                   7385 (62%)               39 502 (62%)               41 422 (55%)              11 526 (59%)
  Facility location                                                                                                                                                 
  New England                                          9756 (6%)                      994 (8%)                 3139 (5%)                  5521 (7%)                 102 (1%)
  Middle Atlantic                                      28 106 (17%)                   1510 (13%)               6870 (11%)                 18 004 (24%)              1722 (9%)
  South Atlantic                                       37 966 (22%)                   2180 (18%)               14 476 (23%)               12 756 (17%)              8554 (44%)
  East North Central                                   30 593 (18%)                   3000 (25%)               9780 (15%)                 13 550 (18%)              4263 (22%)
  East South Central                                   11 733 (7%)                    755 (6%)                 4995 (8%)                  4605 (6%)                 1378 (7%)
  West North Central                                   13 709 (8%)                    925 (8%)                 5768 (9%)                  6654 (9%)                 362 (2%)
  West South Central                                   13 590 (8%)                    1039 (9%)                6031 (9%)                  5551 (7%)                 969 (5%)
  Mountain                                             6552 (4%)                      302 (3%)                 3602 (6%)                  1698 (2%)                 950 (5%)
  Pacific                                              18 322 (11%)                   1283 (11%)               9459 (15%)                 6502 (9%)                 1078 (6%)
  Distance                                             40.5 ± 137.1                   29.5 ± 137.0             28.5 ± 112.6               55.7 ± 162.3              27.9 ± 90.5
  Urban/rural                                                                                                                                                       
  Metro                                                139 504 (82%)                  8222 (69%)               52 075 (81%)               62 366 (83%)              16 841 (87%)
  Metro adjacent                                       17 336 (10%)                   2128 (18%)               6654 (10%)                 7018 (9%)                 1536 (8%)
  Non‐metro adjacent                                   6690 (4%)                      1057 (9%)                2694 (4%)                  2611 (3%)                 328 (2%)
  Rural                                                6797 (4%)                      581 (5%)                 2697 (4%)                  2846 (4%)                 673 (3%)
  Surgery                                                                                                                                                           
  No                                                   129 497 (76%)                  10 315 (86%)             52 069 (81%)               52 719 (70%)              14 394 (74%)
  Yes                                                  40 830 (24%)                   1673 (14%)               12 051 (19%)               22 122 (30%)              4984 (26%)
  Stage                                                                                                                                                             
  Stage = 1                                            14 172 (8%)                    811 (7%)                 5380 (8%)                  6348 (8%)                 1633 (8%)
  Stage = 2                                            51 822 (30%)                   2257 (19%)               16 183 (25%)               27 279 (36%)              6103 (31%)
  Stage = 3                                            21 513 (13%)                   1238 (10%)               7563 (12%)                 10 308 (14%)              2404 (12%)
  Stage = 4                                            82 820 (49%)                   7682 (64%)               34 994 (55%)               30 908 (41%)              9238 (48%)
  Charlson‐Deyo score                                                                                                                                               
  Score = 0                                            112 420 (66%)                  7874 (66%)               41 473 (65%)               50 936 (68%)              12 137 (63%)
  Score = 1                                            43 596 (25%)                   3064 (26%)               16 912 (26%)               18 225 (24%)              5395 (28%)
  Score = 2                                            10 034 (6%)                    729 (6%)                 4032 (6%)                  3997 (5%)                 1276 (7%)
  Score = 3                                            4277 (3%)                      321 (3%)                 1703 (3%)                  1683 (2%)                 570 (3%)

Median household income for each patient\'s area of residence (zip code), based on 2000 US Census data.

Percentage of adults in the patient\'s area of residence (zip code) who did not graduate from high school, based on 2000 US Census data.

John Wiley & Sons, Ltd

3.2. Factors associated with survival {#cam43042-sec-0012}
-------------------------------------

Patients of Hispanic ethnicity, female sex, higher community income, higher community percentage with high school education, private insurance, lower Charlson‐Deyo score, and earlier stage at diagnosis had improved survival, regardless of facility type, in both univariate and multivariate analyses (Tables [2](#cam43042-tbl-0002){ref-type="table"}, [3](#cam43042-tbl-0003){ref-type="table"}). In multivariate analysis, once adjusted for other socioeconomic factors, geography, stage, surgical resection, and Charlson‐Deyo score, living in a metropolitan area was associated with improved survival only at ARP. Patients treated at CCCP who live in metropolitan adjacent or non‐metropolitan adjacent have improved overall survival, while patients treated at CCP who live in non‐metropolitan adjacent areas had improved overall survival (Table [3](#cam43042-tbl-0003){ref-type="table"}).

###### 

Univariate analysis of factors associated with survival

  Variable                                             All facilities             CCP                        CCCP                       ARP                        INCP
  ---------------------------------------------------- -------------------------- -------------------------- -------------------------- -------------------------- ---------------------------
  Race                                                                                                                                                             
  Non‐Hispanic White                                                                                                                                                
  Non‐Hispanic Black                                   1.05 (1.03‐1.06) \<0.001   0.99 (0.93‐1.05) 0.781     1.04 (1.01‐1.07) 0.005     1.13 (1.10‐1.15) \<0.001   0.99 (0.95‐1.03) 0.479
  Hispanic                                             0.92 (0.90‐0.94) \<0.001   0.84 (0.76‐0.92) \<0.001   0.98 (0.94‐1.02) 0.291     0.93 (0.89‐0.96) \<0.001   0.85 (0.79‐0.90) \<0.001
  Age                                                  1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001
  Sex                                                                                                                                                              
  Male                                                                                                                                                              
  Female                                               0.97 (0.96‐0.98) \<0.001   0.95 (0.92‐0.99) 0.010     0.97 (0.96‐0.99) 0.002     0.97 (0.96‐0.99) \<0.001   0.93 (0.91‐0.96) \<0.001
  Income[^a^](#cam43042-note-0004){ref-type="fn"}                                                                                                                  
  \<38 000                                                                                                                                                          
  38 000‐47 999                                        0.95 (0.93‐0.96) \<0.001   0.95 (0.90‐1.00) 0.059     0.94 (0.92‐0.97) \<0.001   0.91 (0.89‐0.93) \<0.001   0.98 (0.94‐1.03) 0.448
  48 000‐62 999                                        0.90 (0.89‐0.92) \<0.001   0.92 (0.87‐0.97) 0.004     0.91 (0.89‐0.93) \<0.001   0.86 (0.84‐0.88) \<0.001   0.97 (0.93‐1.02) 0.290
  \>63 000                                             0.82 (0.81‐0.83) \<0.001   0.88 (0.83‐0.93) \<0.001   0.86 (0.84‐0.88) \<0.001   0.79 (0.77‐0.81) \<0.001   0.92 (0.88‐0.97) \<0.001
  Education[^b^](#cam43042-note-0005){ref-type="fn"}                                                                                                               
  \>21.0%                                                                                                                                                           
  13.0%‐20.9%                                          0.98 (0.96‐0.99) 0.002     1.01 (0.96‐1.07) 0.704     0.98 (0.96‐1.01) 0.138     0.96 (0.93‐0.98) \<0.001   0.99 (0.94‐1.03) 0.551
  7.0%‐12.9%                                           0.93 (0.91‐0.94) \<0.001   0.97 (0.92‐1.03) 0.287     0.94 (0.91‐0.96) \<0.001   0.89 (0.87‐0.91) \<0.001   1.00 (0.95‐1.04) 0.854
  \<7%                                                 0.86 (0.85‐0.88) \<0.001   0.95 (0.89‐1.01) 0.078     0.88 (0.86‐0.90) \<0.001   0.84 (0.82‐0.86) \<0.001   0.93 (0.89‐0.98) 0.007
  Insurance                                                                                                                                                        
  Uninsured                                                                                                                                                         
  Private                                              0.77 (0.75‐0.80) \<0.001   0.75 (0.67‐0.84) \<0.001   0.77 (0.73‐0.81) \<0.001   0.78 (0.75‐0.82) \<0.001   0.76 (0.69‐0.83) \<0.001
  Medicaid                                             0.96 (0.93‐1.00) 0.031     0.91 (0.80‐1.04) 0.178     0.95 (0.89‐1.01) 0.081     1.00 (0.95‐1.06) 0.944     0.91 (0.82‐1.02) 0.090
  Medicare                                             1.04 (1.01‐1.07) 0.018     1.05 (0.94‐1.17) 0.383     1.02 (0.97‐1.08) 0.357     1.01 (0.97‐1.06) 0.647     1.04 (0.95‐1.14) 0.388
  Facility location                                                                                                                                                
  New England                                                                                                                                                       
  Middle Atlantic                                      0.87 (0.85‐0.89) \<0.001   0.93 (0.86‐1.01) 0.101     1.01 (0.97‐1.06) 0.514     0.86 (0.83‐0.89) \<0.001   0.55 (0.45‐0.67) \<0.001
  South Atlantic                                       1.02 (0.99‐1.04) 0.190     1.06 (0.98‐1.15) 0.122     1.04 (0.99‐1.08) 0.087     0.97 (0.94‐1.00) 0.072     0.56 (0.46‐0.69) \<0.001
  East North Central                                   1.02 (1.00‐1.05) 0.098     1.01 (0.94‐1.09) 0.834     1.00 (0.96‐1.04) 0.903     1.00 (0.97‐1.04) 0.925     0.63 (0.52‐0.77) \<0.001
  East South Central                                   1.07 (1.04‐1.10) \<0.001   1.08 (0.98‐1.19) 0.114     1.06 (1.01‐1.11) 0.010     1.04 (1.00‐1.09) 0.040     0.60 (0.49‐0.73) \<0.001
  West North Central                                   1.00 (0.97‐1.03) 0.904     0.97 (0.88‐1.06) 0.465     1.02 (0.98‐1.07) 0.386     0.96 (0.92‐0.99) 0.018     0.77 (0.62‐0.97) 0.024
  West South Central                                   0.95 (0.92‐0.97) \<0.001   0.81 (0.74‐0.89) \<0.001   0.95 (0.91‐0.99) 0.020     0.90 (0.87‐0.94) \<0.001   0.60 (0.48‐0.73) \<0.001
  Mountain                                             0.98 (0.95‐1.02) 0.321     0.86 (0.75‐0.98) 0.024     0.93 (0.88‐0.97) 0.002     0.89 (0.84‐0.94) \<0.001   0.64 (0.52‐0.79) \<0.001
  Pacific                                              0.99 (0.97‐1.02) 0.684     0.97 (0.89‐1.06) 0.462     0.95 (0.91‐0.99) 0.013     0.94 (0.91‐0.98) 0.002     0.68 (0.55‐0.83) \<0.001
  Distance                                             1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) \<0.001
  Urban/rural                                                                                                                                                      
  Metro                                                                                                                                                             
  Metro adjacent                                       1.04 (1.02‐1.06) \<0.001   0.96 (0.91‐1.00) 0.072     0.98 (0.96‐1.01) 0.184     1.06 (1.03‐1.09) \<0.001   1.03 (0.98‐1.09) 0.204
  Non‐metro adjacent                                   1.05 (1.02‐1.08) \<0.001   0.93 (0.87‐0.99) 0.030     0.97 (0.93‐1.01) 0.105     1.08 (1.03‐1.12) \<0.001   1.06 (0.94‐1.19) 0.329
  Rural                                                1.02 (1.00‐1.05) 0.068     0.95 (0.87‐1.04) 0.272     1.02 (0.98‐1.07) 0.240     1.03 (0.99‐1.07) 0.187     0.93 (0.86‐1.01) 0.074
  Surgery                                                                                                                                                          
  No                                                                                                                                                                
  Yes                                                  0.32 (0.32‐0.33) \<0.001   0.33 (0.31‐0.35) \<0.001   0.33 (0.32‐0.33) \<0.001   0.33 (0.32‐0.34) \<0.001   0.32 (0.31‐0.33) \<0.001
  Stage                                                                                                                                                            
  Stage = 1                                                                                                                                                         
  Stage = 2                                            1.00 (0.98‐1.02) 0.760     0.85 (0.78‐0.93) \<0.001   0.98 (0.95‐1.01) 0.223     1.09 (1.06‐1.12) \<0.001   0.98 (0.92‐1.04) 0.438
  Stage = 3                                            1.55 (1.51‐1.59) \<0.001   1.18 (1.07‐1.30) \<0.001   1.43 (1.37‐1.48) \<0.001   1.74 (1.68‐1.80) \<0.001   1.53 (1.43‐1.64) \<0.001
  Stage = 4                                            2.81 (2.76‐2.87) \<0.001   2.40 (2.21‐2.60) \<0.001   2.65 (2.57‐2.74) \<0.001   2.92 (2.83‐3.01) \<0.001   2.84 (2.68‐3.01) \<0.001
  Charlson‐Deyo score                                                                                                                                              
  Score = 0                                                                                                                                                         
  Score = 1                                            1.11 (1.10‐1.13) \<0.001   1.17 (1.12‐1.22) \<0.001   1.14 (1.12‐1.17) \<0.001   1.06 (1.04‐1.08) \<0.001   1.13 (1.09, 1.17) \<0.001
  Score = 2                                            1.30 (1.28‐1.33) \<0.001   1.44 (1.33‐1.55) \<0.001   1.33 (1.29‐1.38) \<0.001   1.22 (1.18‐1.27) \<0.001   1.32 (1.24, 1.40) \<0.001
  Score = 3                                            1.66 (1.61‐1.72) \<0.001   1.75 (1.56‐1.97) \<0.001   1.69 (1.61‐1.78) \<0.001   1.58 (1.50‐1.66) \<0.001   1.69 (1.55, 1.84) \<0.001

Median household income for each patient\'s area of residence (zip code), based on 2000 US Census data.

Percentage of adults in the patient\'s area of residence (zip code) who did not graduate from high school, based on 2000 US Census data.

John Wiley & Sons, Ltd

###### 

Multivariate analysis of factors associated with survival

  Variable                                             All Facilities             CCP                        CCCP                       ARP                        INCP
  ---------------------------------------------------- -------------------------- -------------------------- -------------------------- -------------------------- --------------------------
  Race                                                                                                                                                             
  Non‐Hispanic White                                                                                                                                                
  Non‐Hispanic Black                                   0.95 (0.93‐0.96) \<0.001   0.95 (0.89‐1.01) 0.098     0.96 (0.93‐0.98) 0.002     0.96 (0.94‐0.98) 0.001     0.97 (0.93‐1.01) 0.180
  Hispanic                                             0.84 (0.82‐0.86) \<0.001   0.85 (0.77‐0.94) 0.002     0.96 (0.92‐1.00) 0.036     0.80 (0.77‐0.84) \<0.001   0.78 (0.73‐0.84) \<0.001
  Dominican                                            0.60 (0.51‐0.72) \<0.001   0.64 (0.32‐1.29) 0.219     0.90 (0.58‐1.40) 0.644     0.57 (0.46‐0.70) \<0.001   0.79 (0.47‐1.33) 0.375
  SCA                                                  0.68 (0.63‐0.75) \<0.001   0.79 (0.55‐1.12) 0.181     0.83 (0.70‐0.98) 0.030     0.61 (0.53‐0.69) \<0.001   0.75 (0.62‐0.91) 0.004
  Cuban                                                0.84 (0.76‐0.92) \<0.001   1.94 (0.92‐4.08) 0.081     1.15 (0.96‐1.38) 0.132     0.90 (0.73‐1.11) 0.321     0.71 (0.62‐0.81) \<0.001
  Puerto Rican                                         0.86 (0.77‐0.96) 0.008     1.23 (0.86‐1.76) 0.265     1.13 (0.90‐1.43) 0.280     0.79 (0.68‐0.91) 0.001     0.78 (0.57‐1.07) 0.128
  Mexican                                              0.84 (0.80‐0.90) \<0.001   0.84 (0.69‐1.02) 0.079     0.96 (0.87‐1.05) 0.347     0.78 (0.72‐0.86) \<0.001   1.04 (0.79‐1.36) 0.801
  SHLNOS                                               0.86 (0.84‐0.89) \<0.001   0.81 (0.70‐0.93) 0.002     0.93 (0.88‐0.98) 0.004     0.85 (0.81‐0.90) \<0.001   0.80 (0.73‐0.88) \<0.001
  OSSHO                                                0.90 (0.78‐1.04) 0.166     1.39 (0.79‐2.44) 0.258     1.47 (1.10‐1.98) 0.010     0.80 (0.66‐0.98) 0.032     0.73 (0.45‐1.12) 0.147
  SSO                                                  1.09 (0.95‐1.24) 0.206     0.87 (0.54‐1.41) 0.581     1.25 (1.04‐1.52) 0.019     1.03 (0.83‐1.27) 0.808     0.75 (0.45‐1.25) 0.272
  Age                                                  1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001   1.02 (1.02‐1.02) \<0.001
  Sex                                                                                                                                                              
  Male                                                                                                                                                              
  Female                                               0.96 (0.95‐0.97) \<0.001   0.92 (0.88‐0.95) \<0.001   0.96 (0.95‐0.98) \<0.001   0.96 (0.95‐0.97) \<0.001   0.94 (0.91‐0.97) \<0.001
  Income[^a^](#cam43042-note-0006){ref-type="fn"}                                                                                                                  
  \<38 000                                                                                                                                                          
  38 000‐47 999                                        0.95 (0.94‐0.97) \<0.001   0.96 (0.91‐1.03) 0.245     0.96 (0.93‐0.99) 0.003     0.94 (0.91‐0.96) \<0.001   0.96 (0.91‐1.01) 0.135
  48 000‐62 999                                        0.93 (0.91‐0.94) \<0.001   0.92 (0.86‐0.99) 0.020     0.94 (0.91‐0.96) \<0.001   0.91 (0.88‐0.93) \<0.001   0.98 (0.92‐1.03) 0.420
  \>63 000                                             0.87 (0.85‐0.89) \<0.001   0.86 (0.79‐0.93) \<0.001   0.90 (0.87‐0.93) \<0.001   0.84 (0.82‐0.87) \<0.001   0.93 (0.87‐1.00) 0.042
  Education[^b^](#cam43042-note-0007){ref-type="fn"}                                                                                                               
  \>21.0%                                                                                                                                                           
  13.0%‐20.9%                                          1.01 (1.00‐1.03) 0.168     1.01 (0.95‐1.07) 0.741     1.01 (0.98‐1.04) 0.467     1.01 (1.00‐1.03) 0.037     0.99 (0.93‐1.04) 0.594
  7.0%‐12.9%                                           1.00 (0.99‐1.02) 0.625     0.98 (0.92‐1.05) 0.607     0.98 (0.95‐1.01) 0.171     1.01 (0.98‐1.04) 0.372     0.97 (0.91‐1.03) 0.269
  \<7%                                                 0.96 (0.94‐0.99) 0.001     0.97 (0.89‐1.06) 0.499     0.94 (0.90‐0.97) \<0.001   0.98 (0.95‐1.02) 0.342     0.91 (0.85‐0.98) 0.011
  Insurance                                                                                                                                                        
  Uninsured                                                                                                                                                         
  Private                                              0.82 (0.80‐0.85) \<0.001   0.81 (0.72‐0.91) \<0.001   0.78 (0.74‐0.82) \<0.001   0.85 (0.82‐0.89) \<0.001   0.77 (0.70‐0.85) \<0.001
  Medicaid                                             0.98 (0.95‐1.02) 0.317     1.00 (0.88‐1.14) 0.995     0.94 (0.89‐1.00) 0.067     1.01 (0.96‐1.07) 0.742     0.96 (0.86‐1.07) 0.415
  Medicare                                             0.86 (0.83‐0.88) \<0.001   0.88 (0.79‐0.99) 0.038     0.78 (0.74‐0.82) \<0.001   0.90 (0.85‐0.94) \<0.001   0.85 (0.77‐0.94) \<0.001
  Facility location                                                                                                                                                
  New England                                                                                                                                                       
  Middle Atlantic                                      0.87 (0.85‐0.89) \<0.001   0.99 (0.91‐1.08) 0.868     0.97 (0.93‐1.02) 0.200     0.85 (0.82‐0.88) \<0.001   0.74 (0.60‐0.90) 0.003
  South Atlantic                                       1.06 (1.04‐1.09) \<0.001   1.03 (0.95‐1.12) 0.435     1.01 (0.97‐1.05) 0.665     1.06 (1.03‐1.10) \<0.001   0.83 (0.68‐1.01) 0.068
  East North Central                                   1.05 (1.02‐1.08) \<0.001   1.02 (0.95‐1.10) 0.594     0.98 (0.94‐1.02) 0.321     1.07 (1.03‐1.10) \<0.001   0.88 (0.72‐1.08) 0.224
  East South Central                                   1.14 (1.10‐1.17) \<0.001   1.11 (1.00‐1.24) 0.047     1.07 (1.02‐1.12) 0.004     1.15 (1.10‐1.20) \<0.001   0.89 (0.72‐1.09) 0.250
  West North Central                                   1.03 (1.00‐1.06) 0.032     1.04 (0.94‐1.14) 0.475     1.01 (0.97‐1.06) 0.529     1.02 (0.98‐1.06) 0.368     0.88 (0.71‐1.10) 0.274
  West South Central                                   0.99 (0.97‐1.02) 0.619     0.88 (0.80‐0.97) 0.011     0.95 (0.90‐0.99) 0.018     0.99 (0.95‐1.04) 0.734     0.81 (0.66‐1.00) 0.048
  Mountain                                             1.04 (1.01‐1.08) 0.019     0.97 (0.84‐1.11) 0.633     0.96 (0.92‐1.01) 0.144     1.01 (0.95‐1.07) 0.786     0.92 (0.75‐1.14) 0.459
  Pacific                                              1.04 (1.02‐1.07) 0.001     1.07 (0.98‐1.17) 0.109     0.97 (0.93‐1.01) 0.173     1.02 (0.98‐1.06) 0.417     0.91 (0.74‐1.11) 0.344
  Distance                                             1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) 0.014     1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) \<0.001   1.00 (1.00‐1.00) 0.439
  Urban/rural                                                                                                                                                      
  Metro                                                                                                                                                             
  Metro adjacent                                       1.02 (1.00‐1.03) 0.033     0.97 (0.92‐1.02) 0.294     0.97 (0.94‐1.00) 0.023     1.04 (1.01‐1.07) 0.003     1.03 (0.97‐1.09) 0.379
  Non‐metro adjacent                                   1.01 (0.98‐1.04) 0.416     0.92 (0.86‐0.99) 0.030     0.96 (0.92‐0.99) 0.035     1.07 (1.02‐1.11) 0.004     1.10 (0.98‐1.24) 0.109
  Rural                                                1.01 (0.98‐1.03) 0.639     0.91 (0.83‐1.00) 0.055     1.03 (0.99‐1.08) 0.113     1.01 (0.97‐1.05) 0.726     0.94 (0.87‐1.02) 0.161
  Surgery                                                                                                                                                          
  No                                                                                                                                                                
  Yes                                                  0.44 (0.43‐0.45) \<0.001   0.49 (0.46‐0.53) \<0.001   0.46 (0.45‐0.48) \<0.001   0.42 (0.41‐0.43) \<0.001   0.43 (0.41‐0.46) \<0.001
  Stage                                                                                                                                                             
  Stage = 1                                                                                                                                                         
  Stage = 2                                            1.27 (1.24‐1.30) \<0.001   1.13 (1.03‐1.24) 0.008     1.25 (1.21‐1.29) \<0.001   1.32 (1.28‐1.36) \<0.001   1.31 (1.23‐1.39) \<0.001
  Stage = 3                                            1.26 (1.23‐1.30) \<0.001   1.14 (1.04‐1.26) 0.006     1.25 (1.20‐1.30) \<0.001   1.30 (1.26‐1.35) \<0.001   1.28 (1.20‐1.38) \<0.001
  Stage = 4                                            2.28 (2.23‐2.32) \<0.001   2.27 (2.09‐2.46) \<0.001   2.31 (2.23‐2.38) \<0.001   2.19 (2.12‐2.26) \<0.001   2.37 (2.23‐2.52) \<0.001
  Charlson‐Deyo score                                                                                                                                              
  Score = 0                                                                                                                                                         
  Score = 1                                            1.13 (1.12‐1.15) \<0.001   1.12 (1.07‐1.17) \<0.001   1.14 (1.12‐1.16) \<0.001   1.11 (1.09‐1.13) \<0.001   1.15 (1.11‐1.19) \<0.001
  Score = 2                                            1.30 (1.27‐1.33) \<0.001   1.31 (1.21‐1.42) \<0.001   1.31 (1.27‐1.35) \<0.001   1.26 (1.22‐1.31) \<0.001   1.33 (1.25‐1.41) \<0.001
  Score = 3                                            1.64 (1.58‐1.69) \<0.001   1.68 (1.50‐1.89) \<0.001   1.58 (1.51‐1.67) \<0.001   1.61 (1.54‐1.71) \<0.001   1.68 (1.54‐1.83) \<0.001

Median household income for each patient\'s area of residence (zip code), based on 2000 US Census data.

Percentage of adults in the patient\'s area of residence (zip code) who did not graduate from high school, based on 2000 US Census data.
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3.3. Hispanics have the longest median and overall survival {#cam43042-sec-0013}
-----------------------------------------------------------

Median survival was longest for Hispanics (7.52 months), compared to NHW (7.29 months) and NHB (6.64 months) (Table [4](#cam43042-tbl-0004){ref-type="table"}, Figure [S1](#cam43042-sup-0001){ref-type="supplementary-material"}). Compared to NHW, NHB had worse overall survival (HR = 1.05, 95% CI: 1.03‐1.06*, P* \< .001) and Hispanics had better overall survival (HR = 0.92, 95% CI: 0.90‐0.94*, P* \< .001), at all facility types (Table [2](#cam43042-tbl-0002){ref-type="table"}). After adjusting for socioeconomic variables, geography, stage, surgical resection, and Charlson‐Deyo score, NHB (HR = 0.95, 95% CI: 0.93‐0.96, *P* \< .001) had improved overall survival and Hispanics (HR = 0.84, 95% CI: 0.82‐0.86, *P* \< .001) had the best comparative outcomes, as compared to NHW (Table [3](#cam43042-tbl-0003){ref-type="table"}). In pairwise comparison, the HR of Hispanics compared to NHW was 0.84 (95% CI: 0.82‐0.86, *P* \< .001) and compared to NHB was 0.89 (95% CI: 0.87‐0.92, *P* \< .001), confirming the findings above. The HR of NHB compared to NHW was 0.95 (95% CI: 0.93‐0.96, *P* \< .001) (Table [5](#cam43042-tbl-0005){ref-type="table"}).

###### 

Median survival in months with corresponding 95% confidence intervals

                 All facilities       CCP                 CCCP                ARP                   INCP
  -------------- -------------------- ------------------- ------------------- --------------------- --------------------
  All races      7.23 (7.16‐7.26)     4.93 (4.80‐5.09)    5.85 (5.78‐5.95)    9.07 (8.97‐9.17)      6.90 (6.74‐7.06)
  NHW            7.29 (7.23‐7.36)     4.93 (4.80‐5.13)    5.91 (5.85‐6.01)    9.33 (9.20‐9.43)      6.83 (6.67‐7.00)
  NHB            6.64 (6.47‐6.77)     4.57 (4.21‐5.06)    5.52 (5.29‐5.75)    7.69 (7.49‐7.92)      6.74 (6.31‐7.20)
  Hispanic       7.52 (7.20‐7.79)     6.14 (4.93‐7.16)    5.59 (5.29‐5.98)    9.07 (8.54‐9.59)      8.38 (7.69‐9.20)
  Dominican      10.25 (8.02‐13.37)   15.84 (5.13‐NA)     6.01 (3.58‐14.09)   12.55 (8.44‐16.76)    6.11 (3.68‐13.86)
  SCA            9.82 (8.11‐11.10)    6.74 (3.25‐13.93)   6.60 (4.83‐9.30)    11.56 (10.05‐13.34)   10.48 (7.10‐14.69)
  Cuban          8.71 (7.29‐9.86)     4.44 (1.18‐NA)      5.52 (4.47‐6.44)    7.43 (5.88‐11.01)     11.43 (9.33‐13.40)
  Puerto Rican   8.11 (6.80‐9.69)     4.30 (1.64‐6.80)    5.32 (4.37‐7.69)    10.18 (8.94‐12.55)    8.11 (4.07‐13.90)
  Mexican        7.26 (6.60‐7.98)     5.26 (4.21‐7.85)    5.55 (5.06‐6.57)    9.17 (8.28‐10.45)     5.42 (4.07‐9.30)
  SHLNOS         7.23 (6.77‐7.66)     6.57 (5.29‐8.80)    5.72 (5.22‐6.14)    8.54 (8.18‐9.26)      7.69 (6.31‐8.44)
  OSSHO          7.06 (5.52‐8.54)     4.24 (1.87‐NA)      4.34 (2.17‐7.39)    8.74 (6.74‐12.12)     11.10 (3.48‐24.71)
  SSO            6.21 (5.19‐8.28)     7.69 (3.75‐24.64)   4.83 (3.84‐7.52)    8.11 (5.65‐10.84)     6.70 (3.52‐23.36)

OSSHO: Other specified Spanish/Hispanic origin; SCA: South or Central American except Brazil; SHLNOS: Spanish NOS, Hispanic NOS and Latino NOS; SSO: Spanish surname only. NA means we cannot obtain the related estimates. Longer follow‐up time or larger sample size is required to estimate the upper limit of the confidence intervals.
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###### 

Pairwise comparisons between race/ethnic groups

            Estimate   Hazard ratio   95% CI        *P* value
  --------- ---------- -------------- ------------- -----------
  H‐NHW     −0.17      0.84           (0.82‐0.86)   \<0.001
  NHB‐NHW   −0.06      0.95           (0.93‐0.96)   \<0.001
  H‐NHB     −0.12      0.89           (0.87‐0.92)   \<0.001

John Wiley & Sons, Ltd

To determine survival benefits in particular Hispanic subgroups, we performed similar analyses by self‐reported country or region of origin. Dominicans and South or Central Americans had the best overall survival. The median survival of Dominicans (n = 168) was 10.25 (8.02‐13.37) months (HR = 0.60, 95% CI: 0.51‐0.72, *P* \< .001), while median survival of South or Central Americans (n = 667) was 9.82 (8.11‐11.10) months (HR = 0.68, 95% CI: 0.63‐0.75, *P* \< .001), at all facilities combined. A large portion of this survival advantage among Dominicans and South or Central American appears attributable to care received at ARP (Tables [3](#cam43042-tbl-0003){ref-type="table"}, [4](#cam43042-tbl-0004){ref-type="table"}), as they experienced an approximate 40% reduction in risk of death from PDAC, compared to NHW, if care was received at ARP.

3.4. Survival benefit of Academic Research Programs {#cam43042-sec-0014}
---------------------------------------------------

In univariate analysis, Hispanics had the greatest survival benefit at CCP (HR = 0.84, 95% CI: 0.76‐0.92, *P* \< .001), followed by INCP (HR = 0.85, 95% CI: 0.79‐0.90, *P* \< .001) and ARP (HR = 0.93, 95% CI: 0.89‐0.96, *P* \< .001). There was no survival benefit if care was received at CCCP (Table [2](#cam43042-tbl-0002){ref-type="table"}). However, when adjusting for socioeconomic factors, geography, stage, surgical resection, and Charlson‐Deyo score, the survival benefit was most pronounced at ARP (HR = 0.80, 95% CI: 0.77‐0.84, *P* \< .001) and INCP (HR = 0.78, 95%CI: 0.73‐0.84, *P* \< .001). Survival benefit for Hispanics at CCP was unchanged between univariate and multivariate analyses. Hispanics had a statistically significant survival benefit over NHW at CCCP in the multivariate model (HR = 0.96, 95% CI: 0.92‐1.00, *P* = .036). In summary, Hispanics had the greatest survival benefit when they receive care at ARP and INCP (Table [3](#cam43042-tbl-0003){ref-type="table"}).

When all programs are combined, NHB have a survival disadvantage compared to NHW (HR = 1.05, 95% CI: 1.03‐1.06, *P* \< .001) (Table [2](#cam43042-tbl-0002){ref-type="table"}), but once socioeconomic factors, geography, stage, surgical resection, and Charlson‐Deyo score are adjusted for, NHB have a survival benefit over NHW (HR = 0.95, 95% CI: 0.93‐0.96, *P* \< .001) (Table [3](#cam43042-tbl-0003){ref-type="table"}). This effect is dependent upon the facility type in which care is received. In univariate analysis, NHB and NHW have similar HRs at CCP and INCP. The survival disadvantage among NHB is driven by treatment at CCCP (HR = 1.04, 95% CI: 1.01‐1.07, *P* = .005) and ARP (HR = 1.13, 95% CI: 1.10‐1.15, *P* \< .001). In multivariate analysis, the survival benefit of NHB compared to NHW showed that facility type again influences the overall results. There was no significant difference in HR between NHB and NHW at CCP and INCP, while there was a small survival benefit among NHB compared to NHW at CCCP (HR = 0.96, 95% CI: 0.93‐0.98, *P* = .002) and ARP (HR = 0.96, 95% CI: 0.94‐0.98, *P* = .001). NHW and NHB had a survival benefit when care was received at higher volume centers (CCCP and ARP) compared to lower volume centers (CCP) (Table [6](#cam43042-tbl-0006){ref-type="table"}). This benefit was most pronounced among NHB who underwent surgery at higher volume centers (HR = 0.75, 95% CI: 0.63‐0.90, *P* = .002) (Table [7](#cam43042-tbl-0007){ref-type="table"}). These results show that NHB have a statistically significant survival benefit over NHW when care is received at CCCP and ARP.

###### 

The hazard ratios of high volume (CCCP and ARP) vs low volume (CCP) centers (reference group)

                 Hazard ratio   95% CI      *P* value
  -------------- -------------- ----------- -----------
  All patients   0.90           0.88‐0.92   \<0.001
  NHW            0.90           0.88‐0.92   \<0.001
  NHB            0.91           0.85‐0.96   0.002
  Hispanic       0.94           0.85‐1.04   0.215

INCP was excluded from the analysis as this facility type designation includes a combination of both low‐ and high‐volume centers. The reference group for each row includes that race/ethnic group treated at CCP. For example, NHW treated at CCCP and ARP combined were compared to NHW treated at CCP (reference group).
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###### 

The hazard ratios of high‐volume (CCCP and ARP) vs low‐volume (CCP) centers for patients who underwent surgery

                                   Hazard ratio   95% CI      *P* value
  -------------------------------- -------------- ----------- -----------
  All patients with surgery        0.93           0.88‐0.99   0.013
  NHW patients with surgery        0.96           0.90‐1.01   0.138
  NHB patients with surgery        0.75           0.63‐0.90   0.002
  Hispanic patients with surgery   0.90           0.69‐1.17   0.428

INCP was excluded from the analysis as this facility type designation includes a combination of both low‐ and high‐volume centers. The reference group for each row includes that race/ethnic group treated at CCP. For example, NHW treated at CCCP and ARP combined were compared to NHW treated at CCP (reference group).

John Wiley & Sons, Ltd

Pairwise comparison with all races combined shows that overall survival was best at ARP compared to all other facilities. INCP also had improved survival compared to community programs (Table [8](#cam43042-tbl-0008){ref-type="table"}).

###### 

Pairwise comparisons between facility types

              Estimate   Hazard ratio   95% CI        *P* value
  ----------- ---------- -------------- ------------- -----------
  ARP‐CCP     −0.17      0.84           (0.82‐0.86)   \<0.001
  INCP‐CCP    −0.05      0.95           (0.93‐0.97)   \<0.001
  CCCP‐CCP    −0.03      0.97           (0.95‐0.99)   0.008
  ARP‐CCCP    −0.15      0.86           (0.85‐0.87)   \<0.001
  INCP‐CCCP   −0.02      0.98           (0.96‐0.99)   0.008
  ARP‐INCP    −0.12      0.88           (0.87‐0.90)   \<0.001

John Wiley & Sons, Ltd

When median survival time across all facility types was analyzed, median survival was 7.52 (7.2‐7.79) months for Hispanics, 7.29 (7.23‐7.36) months for NHW, and 6.64 (6.47‐6.77) months for NHB. All race or ethnic groups had median survival benefits at ARP (Hispanics = 9.07 months, NHW = 9.33 months, NHB = 7.69 months), whereas median survival was shortest at CCP (Hispanics = 6.14 months, NHW = 4.93 months, NHB = 4.57 months). Median survival in Hispanics was also improved at INCP (8.38 months), but non‐Hispanics did not experience a similar benefit if care was received at INCP (Table [4](#cam43042-tbl-0004){ref-type="table"}). In summary, survival was improved at ARP based on Cox proportional‐hazard model, pairwise comparison, and median survival time (Figure [S2](#cam43042-sup-0001){ref-type="supplementary-material"}).

3.5. Impact of income, education, and surgical resection on survival {#cam43042-sec-0015}
--------------------------------------------------------------------

Higher median household income (HR = 0.82, *P* \< .001), high school education (HR = 0.86, *P* \< .001), and surgical resection (HR = 0.32, *P* \< .001) improve overall survival at all facility types (Table [2](#cam43042-tbl-0002){ref-type="table"}). After adjusting for socioeconomic factors, geography, stage, and Charlson‐Deyo score, income (HR = 0.87, 95% CI: 0.85‐0.89, *P* \< .001), education (HR = 0.96, 95% CI: 0.94‐0.99, *P* = .001), and surgical resection (HR = 0.44, 95% CI: 0.43‐0.45, *P* \< .001) remain positive contributors to overall survival (Table [3](#cam43042-tbl-0003){ref-type="table"}). The positive effect of these covariates was similar across all facility types. These covariates have varying levels of influence on overall survival among the different race/ethnic groups. The improved survival of NHB over NHW was influenced by these factors at all facilities. When these covariates were not included in the model, the HR for NHB at all facilities was 1.02 (95% CI: 1.01‐1.04, *P* = .005) (Table [9](#cam43042-tbl-0009){ref-type="table"}), but when included in the model, the HR for NHB was 0.95 (95% CI: 0.93‐0.96, *P* \< .001) at all facilities combined (Table [3](#cam43042-tbl-0003){ref-type="table"}), suggesting that the survival benefit of NHB was significantly influenced by these variables.

###### 

Hazard ratios for race/ethnicity obtained from the multivariate Cox model, after adjusting for all covariates except income level, attainment of high school education, and surgical resection

                   NHB vs NHW                 Hispanic vs NHW
  ---------------- -------------------------- --------------------------
  All facilities   1.02 (1.01‐1.04) 0.005     0.89 (0.87‐0.91) \<0.001
  CCP              1.00 (0.93‐1.05) 0.699     0.87 (0.79‐0.97) 0.008
  CCCP             1.02 (0.99‐1.05) 0.191     1.00 (0.96‐1.04) 0.861
  ARP              1.07 (1.04‐1.09) \<0.001   0.86 (0.83‐0.89) \<0.001
  INCP             1.03 (0.98‐1.07) 0.218     0.84 (0.78‐0.90) \<0.001
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This effect was also influenced by the facility type at which care is received. NHB had a statistically significant survival benefit over NHW at CCCP (HR = 0.96, 95% CI: 0.93‐0.98, *P* = .002) and ARP (HR = 0.96, 95% CI: 0.94‐0.98, *P* = .001) when all covariates are included (Table [3](#cam43042-tbl-0003){ref-type="table"}). If income, education, and surgical resection are excluded from the model, NHB no longer had a survival benefit over NHW at ARP (HR = 1.07, 95% CI: 1.04‐1.11, *P* \< .009) (Table [9](#cam43042-tbl-0009){ref-type="table"}). In summary, higher income, high school education, and surgical resection were protective factors for NHB, but only at ARP.

Higher median household income, high school education, and surgical resection also contribute to the overall survival of Hispanics, but not as profoundly as seen with NHB. When these covariates were included in the model, the HR for Hispanics compared to NHW was 0.84 (95% CI: 0.82‐0.86*; P* \< .001) at all facilities (Table [3](#cam43042-tbl-0003){ref-type="table"}). Excluding income, education, and surgical resection, the HR was slightly higher at 0.89 (95% CI: 0.87‐0.91, *P* \< .001), meaning that these factors had a positive influence on overall survival for Hispanics (Table [9](#cam43042-tbl-0009){ref-type="table"}). However, when analyzed by individual facility types, income, education, and surgical resection did not contribute significantly to overall survival of Hispanics compared to NHW.

4. DISCUSSION {#cam43042-sec-0016}
=============

PDAC remains a devastating disease regardless of patient race and ethnicity; however, overall and median survival are improved at ARP for all races/ethnicities. Hispanics have a survival benefit over NHW, without controlling for covariates, and they have the longest median survival time at all facility types. This aligns with recently published data out of California, which demonstrated that Hispanics were more likely to survive 5 years with unresectable disease than NHW.[^16^](#cam43042-bib-0016){ref-type="ref"} When socioeconomic factors, geography, surgical resection, stage, and Charlson‐Deyo score are controlled for, the survival benefit among Hispanics was greater at ARP and INCP compared to community programs. This suggests that Hispanics benefit significantly from seeking care at ARP and INCP. Higher surgical volume, advanced endoscopy, clinical trials, multidisciplinary care, and insurance bundled access schemes may confer an advantage at ARP, but biological variables may contribute. Moaven et al also demonstrated improved survival among Hispanics with resectable pancreatic cancer, but did not stratify their study by facility type or include subgroups of Hispanics.[^7^](#cam43042-bib-0007){ref-type="ref"} Hispanic patients are often excluded from analyses of health disparities or grouped together with White patients.[^17^](#cam43042-bib-0017){ref-type="ref"}, [^18^](#cam43042-bib-0018){ref-type="ref"}, [^19^](#cam43042-bib-0019){ref-type="ref"} Given that Hispanic/Latino patients represent approximately 18% of the US population and estimated to grow 24% by 2065,[^20^](#cam43042-bib-0020){ref-type="ref"} such a discrepancy in research rigor is unacceptable. In spite of the wide ancestral diversity that underlies Hispanic identity, when they are included in health disparities studies, all subgroups are categorized together. In this study, we report different outcomes across a range of Hispanic subgroups. Dominicans and patients of South or Central American descent had the greatest survival benefit. While Mexicans, Cubans, and Puerto Ricans also experience benefit, the advantage was not as profound. Genomic variants, diet, the microbiota, as well as cultural and psychosocial stress may alter the inflammatory response, PDAC progression, and tumor biology. To our knowledge, this is the first study to focus on PDAC disparities in Hispanic subgroups. While differences are expected, twofold survival advantages in specific patients over NHW patients are unprecedented. This profound difference may be influenced by small sample sizes in particular subgroups. Further understanding survival benefits in Hispanic subgroups with PDAC may lead to survival gains in patients of all ethnic groups through identification of novel genetic variants that may influence screening, prevention, or treatment of PDAC, as well as risk or protective factors that may be modifiable or targetable.

Consistent with national data, NHB patients with PDAC had worse overall survival and shorter median survival at all facilities.[^3^](#cam43042-bib-0003){ref-type="ref"}, [^4^](#cam43042-bib-0004){ref-type="ref"} When socioeconomic factors, geography, surgical resection, stage, and Charlson‐Deyo score were controlled, NHB had a nearly equivalent survival benefit compared to NHW at higher volume centers (ARP and CCCP). This normalization appears to be driven by median income, education, and surgical resection, rather than by NHB race. Our results regarding the influence of surgical resection among NHB support previously published data.[^5^](#cam43042-bib-0005){ref-type="ref"}, [^7^](#cam43042-bib-0007){ref-type="ref"}, [^8^](#cam43042-bib-0008){ref-type="ref"}, [^9^](#cam43042-bib-0009){ref-type="ref"}, [^10^](#cam43042-bib-0010){ref-type="ref"}, [^21^](#cam43042-bib-0021){ref-type="ref"} This finding highlights the influence of socioeconomic factors on disparities, as well as a need for better understanding of why surgical resection rates are lower among NHB, which could influence the approach health‐care providers take in counseling NHB in their treatment options. Physician‐patient trust is also a key component that may influence resection rates for NHB and the varying Hispanic subgroups.[^22^](#cam43042-bib-0022){ref-type="ref"} Just as mixed amounts of physician trust have been reported across the US for various minority and disadvantaged groups, so might different Hispanic subgroups be more trusting and willing to follow physician treatment than others regardless of treatment facility type.

While our study includes national data and is well‐powered, it is not without limitations. Recall and misclassification bias are inherent in most retrospective studies. In addition, patient care and subsequent data collection may be provided by multiple facilities. The INCP facility type is a heterogeneous umbrella network that includes community programs, as well as ARP, making it challenging to draw conclusions about INCP. Income and education are significant factors that affect overall survival of NHB, but these variables in the NCDB are a reflection of a patient\'s community, based on census data, and may not accurately reflect each patient\'s socioeconomic status. Additionally, NHB is not further defined ethnically. For example, we are unable to compare the outcomes in patients of African American, Afro‐Caribbean, or African descent. While Hispanic ethnicity is further defined by country or region of origin, the majority of Hispanic patients were "Not Otherwise Specified," leading to smaller sample sizes and wider confidence intervals for specific groups. Cancer registries reporting to the NCDB depend upon medical records for ascertainment of data, thus race or ethnicity is influenced by patient self‐reporting as well as comprehensiveness of medical records in capturing this information. The NCDB is currently not equipped to reflect multiple ethnic backgrounds in individual patients, so the effect of possible genetic admixing is unknown. There is also a lack of information on whether an individual patient is a recent immigrant, first‐generation immigrant, or whose ancestors have lived in the United States for many generations. A more thorough understanding of race or ethnicity is needed to further elucidate PDAC disparities, including the use of genomic mapping to determine more granular details on ancestral heritage.

In conclusion, we found that Hispanics with PDAC have better overall survival compared to non‐Hispanics at all facilities, but most profoundly at ARP and INCP. More specifically, Dominicans and South or Central Americans have significantly improved survival at ARP. While NHB have the shortest median survival, higher income, high school education, and surgical resection improve their survival at higher volume centers. Further understanding the disproportionate outcomes at various facility types and the roles of income, education, and surgical resection in survival, together with basic science research into the biological mechanisms of cancer disparities, will improve health equity and clinical outcomes for patients with PDAC.
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